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Abstract

The Cannabis plant has been used for many of
years as a medicinal agent in the relief of pain
and seizures. It contains approximately 540
natural compounds including more than 100
that have been identified as phytocannabi-
noids due to their shared chemical structure.
The predominant psychotropic component is
A°-tetrahydrocannabinol (A°-THC), while the
major non-psychoactive ingredient is cannabi-
diol (CBD). These compounds have been
shown to be partial agonists or antagonists at
the prototypical cannabinoid receptors, CB1
and CB2. The therapeutic actions of A°>-THC
and CBD include an ability to act as analge-
sics, anti-emetics, anti-inflammatory agents,
anti-seizure compounds and as protective
agents in neurodegeneration. However, there

the efficacy of either A°-THC or CBD as ther-
apeutics. Moreover, the safety concerns
regarding the unwanted side effects of A°-
THC as a psychoactive agent preclude its
widespread use in the clinic. The legalization
of cannabis for medicinal purposes and for
recreational use in some regions will allow for
much needed research on the pharmacokinet-
ics and pharmocology of medical cannabis.
This brief review focuses on the use of can-
nabis as a medicinal agent in the treatment of
pain, epilepsy and neurodegenerative diseases.
Despite the paucity of information, attention
is paid to the mechanisms by which medical
cannabis may act to relieve pain and seizures.
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CNS central nervous system

CHO Chinese hamster ovary

DRG dorsal root ganglion

EAE experimental autoimmune
encephalomyelitis

GABA gamma-aminobutyric  acid,  or
y-aminobutyric acid

GPCRS55 G protein-coupled receptor 55

1P3 Inositol trisphosphate

KA kainic acid

LPI L-a-lysophosphatidylinositol

MS multiple sclerosis

SCBs synthetic cannabinoids

TRPA1 transient receptor potential cation
channel, subfamily A, member 1

TRPV1 transient receptor potential cation
channel, subfamily V, member 1

TRPV2  transient receptor potential cation
channel, subfamily V, member 2

8.1 Introduction

Extracts from the cannabis plant have been used
medicinally for thousands of years. The first
recorded use of cannabis as a medicinal com-
pound appeared almost 5000 years ago in early
Chinese texts by the Emperor Chen Nung [1, 2]
when it was used as a treatment of malaria, con-
stipation, rheumatic pain and analgesia in child-
birth. Similar accounts of its use as a therapeutic
agent occurred in ancient Egypt and India, around
3000 years ago [3, 4]. In more modern times it
was listed in Canadian, US and British pharma-
cies for many years before concerns of its effects
as a psychotropic agent led to it being criminal-
ized and listed as an illicit drug of abuse in the
1970s. However, the last 15-20 years has seen a
resurgence in interest of cannabis as a therapeutic
agent for a range of illnesses and diseased condi-
tions, and the decriminalization and legalization
of cannabis will surely pave the way for much
needed research on the therapeutic potential of
this plant.

The origins of cannabis plant use can be traced
back to central Asia [5, 6] with an appearance in
the Western hemisphere in the 1500s [7]. There is

general agreement among botanical taxonomists
that more than one species of cannabis plant
exists, with possibly up to 4 species in existence:
Cannabis sativa, Cannabis indica, Cannabis
ruderalis and Cannabis afghanica. The predomi-
nant form that is widely used in western society
is Cannabis sativa, of which there are multiple
chemical phenotypes (or chemotypes) which
express differing chemical compositions of can-
nabinoids. Different chemotypes range from
plants that contain A°-THC as the predominant
cannabinoid, to plants that contain CBD as the
predominant cannabinoid, to a variety of mix-
tures of the two [7]. There are even chemotypes
that express high titers of other less known can-
nabinoids such as cannabidivarin or tetrahydro-
cannabivarin (THCV) [7]. The wide range of
chemotypes is especially pertinent for medicinal
forms of cannabis where producers aim to breed
specific chemical phenotypes that are high in
CBD and low in THC in order to minimize
unwanted psychotropic effects of A°-THC.

C. sativa contains approximately 540 natural
compounds of which more than 100 have been
identified as phytocannabinoids due to their
shared chemical structure [8]. Phytocannabinoids
are neutral cannabinoids that possess a lipid
backbone featuring alkylresorcinol and monoter-
openes in their molecules [8, 9] (Fig. 8.1).
Cannabinoids are biosynthesized as cannabinoid
acids and then decarboxylated into the neutral
forms [8]. Phytocannabinoids can be classified
into several subclasses including the tetrahydro-
cannabinol type, the A°-tetrahydrocannabivarin
type, the cannabidiol type, the cannabinol type,
and several others [8]. Of these, trans-A°-
tetrahydrocannabinol (A°-THC) and CBD are the
compounds that have been investigated to a much
greater degree compared with many of the others,
with CBD showing significant potential as a ther-
apeutic agent in a several pathophysiological or
diseased states.

While selective breeding of various chemo-
types leads to a number of varieties that express
very different titers of cannabinoids, the
predominant cannabinoid in C. sativa which
induces psychotropic effects is A>-THC. It was not
until the cloning of the first cannabinoid receptor
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Fig. 8.1 Chemical structure of several phytocannabi-
noids (A-D), (+) trans-A’-tetrahydrocannabidiol, (—)

type (CB1) in 1990 that the pharmacodynamics of
phytocannabinoids was initiated [10, 11]. Three
years later, the second cannabinoid receptor type 2
(CB2) was cloned [12]. We now know that phyto-
cannabinoids have the ability to influence many
physiological states through their interactions with
receptors and transmembrane proteins such as the

trans-A’-tetrahydrocannabidiol, cannabidiol (CBD), can-
nabinol (CBN), and the endocannabinoids (E-F), anan-
damide (AEA) and 2-arachiodonoylglycerol (2-AG)

prototypical CB receptors, transient receptor
potential cation channels (e.g. TRPV1, TRPV2,
TRPA1) and the serotonin receptors SHT2 to only
name a few. We first address some of the relevant
receptor and protein interactions and then focus on
therapeutic applications for pain relief, epilepsy
and neurodegeneration.
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8.2 Cannabinoid Receptors

It had long been thought that cannabinoids inter-
act with receptors to produce their wide-ranging
effects as psychotropic agents, analgesics or anti-
emetic compounds, but it was not until 1990 that
the first cannabinoid receptor was cloned from rat
cerebral cortex cDNA library [10]. The translated
genetic sequence gave rise to a 473 amino acid
protein of the G-protein coupled family of recep-
tors, which contained seven putative hydrophobic
or membrane-spanning domains, and several
potential glycosylation sites. When expressed in
Chinese hamster ovary K1 cells the protein dis-
played cannabinoid stereo-selectivity and
cannabinoid-induced inhibition of adenylate
cyclase activity [10]. Consequently, the human
homologue (472 amino acid protein) and mouse
homologue (473 amino acid protein) were rap-
idly identified [11, 13]. Three years after the ini-
tial cloning of the rat CB1 receptor, a second type
of G-protein coupled cannabinoid receptor was
cloned from a human promyelocytic leukaemia
cell line (HL60) [12]. This receptor was highly
expressed in macrophages obtained from spleen
and its amino acid composition exhibited signifi-
cant divergence from the CB1 receptor that was
cloned from rat brain. Evidence has now accu-
mulated to show that both CB1 and CB2 recep-
tors are negatively coupled to adenylate cyclase
and are typically expressed in very different
regions of the body. CB1 receptors are mainly
limited to the brain and CNS, while CB2 recep-
tors are largely confined to the peripheral nervous
system and the immune system. A detailed tissue
distribution of cannabinoid receptors is reviewed
elsewhere [14, 15]. Radiolabeling of CBlin the
brain with the tritiated CB1 receptor agonist [*H]
CP55,940 showed high density expression in
regions of the basal ganglia such as the substan-
tia nigra pars reticulata and globus pallidus, as
well as in the hippocampus and cerebellum [16].
However, expression was sparse in the thalamus
and lower brainstem regions [16]. The subcellu-
lar location of receptors provided clues of their
functional roles. Because CB1 receptors are
highly localized to presynaptic membranes, they
were thought to act as modulators of synaptic

Table 8.1 Ki values for phytocannabinoids and endocan-
nabinoids at CB1 and CB2 receptors

Compound Ki (at CB1 Ki (at CB2
name receptor) receptor)

(=) A>-THC | 5-80 nM® 3-32 nM?

(=) A>-THC | 44-48 nM? 39-44 nM*
CBD 4350 nM® 2860 nM*

CBN 120-1130 nM? 96-300 nM*
AEA 61 nM (mice)® 1930 nM®

2-AG 472 + 55 nM® 1400 + 172 nM®

iPertwee RG (2008) The diverse CB1 and CB2 receptor
pharmacology of three plant cannabinoids: A°-tetrahydro-
cannabinol, cannabidiol and A°’-tetrahydrocannabivarin.
British  Journal of Pharmacology 153, 199-215;
doi:https://doi.org/10.1038/sj.bjp.0707442

"Bow EW and Rimoldi JM (2016) The structure—function
relationships  of classical cannabinoids: CBI1/CB2
Modulation. Perspect Medicin Chem. 2016; 8: 17-39; doi:
10.4137/PMC.S32171

release. Indeed, physiological studies confirmed
this hypothesis and showed that activation of
CBI1 altered synaptic transmission in a homeo-
static manner. But how does this occur? What are
the mechanisms that underlie these effects? To
answer these questions we need to delve/examine
the literature on the pharmacology of CB1 recep-
tor activation (Table 8.1).

Both CB1 and CB2 receptors are negatively
linked to adenylate cyclase activity (Fig. 8.2).
When the receptors are expressed in cell lines,
they initiate a pertussis toxin mediated event that
requires Gi/o signaling and that results in a reduc-
tion of cAMP production [17]. Ligand binding
studies show that the endocannabinoid, anan-
damide, is capable of inhibiting adenylate cyclase
activity in membranes possessing CB1 receptors
[18, 19], but this same agonist shows markedly
less efficacy on CHO cells expressing CB2 recep-
tors, suggesting that anandamide has differential
effects on CB1 vs CB2 receptors. In contrast, the
other main endocannabinoid,
2-Arachidonoylglycerol (2-AG), acts as a full
agonist at the cannabinoid receptors when
inhibiting forskolin-induced cAMP accumula-
tion [20]. A critical determinant of the down-
stream effects of CB receptor activation is the
isoform of adenylate cyclase that associates with
the receptor. For instance, ligand binding to CB
receptors co-expressed with adenylate cyclase


https://bpspubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Pertwee,+R+G
https://doi.org/10.1038/sj.bjp.0707442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bow EW[Author]&cauthor=true&cauthor_uid=27398024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rimoldi JM[Author]&cauthor=true&cauthor_uid=27398024
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4927043/

155

8 Pharmacology of Medical Cannabis

(steuueyd 3] 2d£1-y) AJ1Anoe [Quueyd UOT
pue soua$ Jo uone[nIaI oy} 9pN[OUT S)OAJO WEANSUMOP J[qISSOd T VAIL PUt ZAJIL
‘TAQYL se yons spouueyd [enusjod 1oydesor juorsuen o) puiq 0) UMOUY OS[e dIe
sproutqeuue)) wWasks , tD/OVA/EI o 03 payul] A[[enualod st gD A[1YM ‘0/1D

JPunEyd-y

BIA (DQV) 9se[oAd aje[Auape 0) pordnod A[eaneSau are gD pue 1gD 103dadar prourq
-euued pay) o[qissod & oq 0 pasad3ns uadq sey GGYJD Inq ‘7D Pue [ gD o1k SpIou
-1qeuued 10j s103dooar pordnoo ureyoid-n [eordAjojoxd oy, ‘sprourqeuuedopud pue
sproulqeuued03Ayd 10J s103dooar oqissod ay3 Jo QWOS 10J AUIINO dNeWIYOS '8 ‘B4

(2d&y v)

[ELTCIES]
Surdynoar presu)




156

M. R. Amin and D. W. Ali

isoforms 1, 3, 5, 6 or 8 leads to inhibition of
cAMP, whereas co-expression with adenylate
cyclase isoforms 2, 4, or 7 leads to stimulation of
cAMP production [21, 22]. Thus, CB1/CB2 are
capable of activating Gq in addition to Gi/o even
though much of the endogenous or physiological
activity appears to lead to an inhibition of
cAMP. Our understanding of the mechanisms
that underlie key interactions between the canna-
binoid receptors and their agonists and antago-
nists was further increased with the elucidation of
the crystal structure of the human CB1 receptor
in 2016 [23].

The search for additional cannabinoid recep-
tors led to the presentation/publication of con-
vincing evidence in 2007 that the orphan receptor
GPRS55 is a cannabinoid receptor [24]. Cloning,
sequencing and expression of GPRS55 showed
that the CB1/CB2 receptor ligand [*H]CP55940
exhibited high specificity for GPR55. Moreover,
the receptor can also be activated by A°-THC,
anandamide, 2-AG and the CB1 selective agonist
noladin ether. Interestingly, 2-AG displays almost
200-fold greater potency as an agonist at GPR55
compared with the prototypical CBland CB2
receptors, and that A°>~THC has a greater efficacy
at GPR55 compared with CB1 or CB2. GPR55
couples to Gal3 [24], but has also been linked to
increases in intracellular Ca*" via a mechanism
that involves Gq, G12, RhoA, actin, phospholi-
pase C and Ca?* release from IP;-gated stores
[25]. In other words, cannabinoid receptors are
linked to multiple second messenger systems that
have the potential to couple enzyme activity to
ion channel behavior to gene activation and more.
An investigation into the role of GPR55 at pre-
synaptic terminals of CA3-CA1 synapses show
that  activation of GPR55 by L-a-
lysophosphatidylinositol ~ (LPI)  transiently
increases calcium release probability by elevat-
ing presynaptic Ca*" through activation of local
Ca?* stores, implying a possible role in short-term
potentiation in hippocampus [26]. Based upon
these findings there have been suggestions that
the GPR55 receptor could be renamed a type 3

cannabinoid receptor, CB3. Nonetheless, its cur-
rent classification notwithstanding, GPRS55
shows significant characteristics of a true canna-
binoid type receptor and fully determining its
distribution within the body, subcellular localiza-
tion, temporal expression patterns and down-
stream signaling pathways will lead to a greater
understanding of the function of endocannabi-
noids and effects of phytocannabinoids.

There is now significant evidence for a direct
interaction between cannabinoids and transient
receptor potential channels such as the transient
receptor potential of vanilloid type 1 and 2
(TRPVI1 and TRPV2) and transient receptor
potential of ankyrin type 1 (TRPAT) [27]. TRPV1
and V2 channels are cation channels that allow
the passage of Na*, K+ and Ca?* across cell mem-
branes and are activated by capsaicin or heat
above temperatures of 40 °C and above ~50 °C
respectively, whereas TRPA1 are menthol and
cold activated cation channels [28]. TRPV1 are
activated by the endocannabinoids 2-AG and
anandamide [29], while TRPV2 and TRPA1 are
activated by A°>~THC and CBD [29-31]. TRPV1
are largely found in the cerebellum, basal gan-
glia, hippocampus, diencephalon and DRG neu-
rons [32, 33]. TRPV2 tend to be localized to
sensory neurons of the DRG, spinal cord, and
trigeminal ganglia, but are also found in the cer-
ebellum [34, 35]. TRPALI is extensively colocal-
ized with TRPV1 in sensory neurons [36-38].
Activation of these receptors typically leads to
membrane depolarization and activation, but
TRPV1 and TRPALI are known to exhibit func-
tional desensitization. In other words, activation
of TRPV1 and TRPA1 by cannabinoids may lead
to an immediate depolarization, but this will be
followed by sensitization and subsequently inhi-
bition because further activation by ligands, heat
or cold will be muted as the channels are in a
desensitized state. Some evidence exists for the
direct interaction between Cannabinoids and ion
channels and it has been hypothesized that some
of the CB1/CB2-independent cannabinoid effects
occur in this manner.
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8.3 Pharmacokinetics

of Cannabinoid Preparations

THC is highly lipophilic and accumulates in adi-
pose tissue and the spleen which can act as long-
term storage sites [39]. It is estimated that up to
37% of A°-THC present in cigarettes can be
delivered to the body during smoking while up to
30% is destroyed via pyrolysis [40]. When
smoked, A°-THC enters the blood stream
extremely rapidly with rising levels detected in
blood plasma within 1-2 min of the first inhala-
tion [41]. In controlled experiments, puffs of a
3.5% A°-THC cigarette result in peak A’>-THC
blood plasma levels of approximately 270 ng/ml
[41], and in experiments where the THC content
of cigarettes was kept at either a “low” dose of
1.75% or a “high” dose of 3.55%, the blood
plasma levels obtained from individuals smoking
the higher dose cigarettes were variable and
ranged from <90 ng/ml to >250 ng/ml [41]. These
data indicate that the bioavailability varies sub-
stantially with each individual, and factors such
as weight, gender, age, health and physiological
background will likely impact the extent to which
A°-THC and other cannabinoids affect an indi-
vidual. A°-THC taken orally usually peaks in the
circulation within 1-2 h, with blood plasma lev-
els lower than those obtained during smoking
[42]. A>-THC accumulates in fatty tissue and
organs such as the heart, liver and spleen [39]. It
readily crosses the blood-brain barrier and can be
found in high quantities in the brain [42]. THC
released from fat has a half-life of several days
and in some instances may take up to several
weeks to fully clear from adipose tissue [41, 43].

Much of the metabolism of A°~THC occurs in
the liver where it is converted to 11-hydroxy-
THC or 11-nor-9-carboxy-THC [41]. This con-
version is rapid and occurs within minutes of
THC detection in blood plasma [43—45]. Whereas
11-hydroxy-THC is psychotropically active,
11-nor-9-carboxy-THC is not [46] and is the
principle component found in urine analyses as a
proxy for determining cannabis consumption
[43]. Numerous additional oxidative metabolites
occur, but in lesser quantities.

8.4 Maedicinal Cannabis

Cannabis has been used as a medicinal agent and
an analgesic for many years. It is sought after as
an anti-emetic (anti-nausea agent), a treatment
for epilepsy, muscle spasms, multiple sclerosis,
neuropathic pain, neurodegenerative diseases and
cancer. Cannabis-derived pharmaceuticals such
as nabilone (a compound of the same general
type as A°>-THC), nabiximols and dronabinol (a
synthetic A°-THC) are prescribed to relieve
chemotherapy-induced nausea and vomiting.
Sativex (a combination of A°~THC and CBD) has
been used to alleviate neuropathic pain. We will
now explore its use as a medicinal agent.

8.5 Pain

Even though the use of cannabis for the treatment
of pain can be traced back to 5000 years ago,
there is still only little information on its mecha-
nisms of action. In fact, questions still arise
whether or not cannabis may alleviate certain
types of pain. Cannabinoids and cannabinoid-
based pharmaceuticals are prescribed to alleviate
neuropathic pain, which is a severe form of
chronic pain arising from lesions or disease
affecting the somatosensory system [47].
Evidence is mounting that THC in particular, is
somewhat effective in reducing neuropathic pain
[48-50], however the data is inconsistent and the
potential side effects are concerning. A strong
desire to find alternatives to other pain medica-
tion such as opioids has pushed cannabinoids-
based pain therapies to the forefront, and while
there is a general lack of well-designed studies on
the effects of medical cannabis as pain medica-
tions, there is data to indicate that smoking can-
nabis is effective for some forms of pain.

Studies designed to compare the effects of
smoked cannabis against a placebo showed that
participants generally reported effective pain
relief with increased efficacy linked to higher
THC content [51]. Overall the pain relief was
modest, and not as effective as medications pre-
scribed specifically for pain such as, the GABA
receptor agonists gabapentin and pregabalin. As a
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general rule, more effective pain relief tends to
occur when cannabinoids are taken together with
existing pain medications as opposed to being
taken on their own. For instance, oromucosal
sprays such as Nabiximols (equal mixtures of A°-
THC and CBD), taken along with existing pain
medication results in a significant reduction in
pain intensity [49, 52, 53]. Similarly, A°>~THC/
CBD spray was found to be better than placebo
when comparing mean pain relief [54].

Other studies have examined the effects of
medical marijuana, which contains several hun-
dred compounds along with approximately 100
cannabinoids [7]. Systematic reviews of random-
ized clinical trials on the pain relief effectiveness
of medical marijuana found that medical mari-
juana was effective in reducing neuropathic pain
only in the short term, measured in days rather
than weeks or months. Interestingly, medical
marijuana was better than placebo in providing a
minimum pain relief of 30%, but there was no
statistically significant difference between medi-
cal marijuana and placebo when comparing the
mean pain relief [54].

When evaluating the effectiveness of cannabi-
noids for relief of visceral pain such as rheumatic
disease pain, the data is inconclusive. Systematic
reviews of several randomized clinical trials eval-
uating A°-THC/CBD oromucosal sprays in
patients with musculoskeletal pain, fibromyalgia
and rheumatoid arthritis concluded that there was
insufficient evidence to recommend cannabi-
noids as pain relief treatment [55, 56]. However,
an analysis of medical marijuana administered as
a cigarette resulted in a decrease in abdominal
pain and an increase in appetite of patients with
Crohn’s disease compared with placebo ciga-
rettes not containing A°>-THC [57]. Moreover, a
3-month study on the effect of oral A°>~THC on
chronic pancreatitis led the authors to conclude
that there was no significant difference between
the effects of A~ THC compared with placebo
[58]. Overall, the data is largely inconclusive in
support of the idea that medical marijuana pro-
vides significant relief for chronic pain associ-
ated with cancer, rheumatoid arthritis, or
fibromyalgia. Clearly, more research is needed to
ascertain the use of cannabis or individual can-

nabinoids as effective analgesics. Of particular
interest is the role of synthetic cannabinoids as
analgesics. Synthetic cannabinoids (SCBs), also
known as K2, spice, herbal incense and other
names, are full agonists at CB1 and CB2 recep-
tors, whereas A>-THC is a partial agonist. Thus,
SCBs have the potential to act as pain relief
agents. In fact, tail immersion assays in mice,
indicate that SCBs such as JWH-018 and JWH-
073 do indeed act as analgesics [59]. In these
studies, the tails of mice were allowed to freely
hang into 55 °C water and the time taken for the
mouse to remove its tail from the painfully hot
stimulus was measured. Administration of JWH-
018:JWH-073 in the ratios of 2:3 and 1:1 resulted
in an increase in the tail immersion time, in a
manner that was additive for the 1:1 ration but
synergistic for the 2:3 ratio of SCBs [59], with
the tails of immobilized animals hung freely and
were placed in 55 °C water.

How does medical marijuana or cannabinoids
(A°-THC/CBD) alleviate neuropathic pain? The
answer to this is unclear but several possibilities
exist. First, the use of THC as a pain relief agent
is problematic because of the potential side
effects as a psychoactive agent, whereas CBD
offers far more promise because it does not acti-
vate CB1 receptors and indeed acts as a negative
allosteric modulator of CB1, meaning that it does
not induce similar psychotropic effects to that of
A°-THC. In fact, high concentrations of CBD can
be administered in vivo with relatively few com-
plications [60]. However, care must still be taken
when determining the type of patient to receive
CBD based upon age, health, pregnancy status,
existing illnesses etc. To act as analgesics, can-
nabinoids may associate with the prototypical
cannabinoid receptors, CB1 and CB2Rs, but the
data for CB1 is inconsistent and CBD is not an
agonist of this receptor. CB1 receptors are largely
limited to the CNS and not the periphery but are
still associated with sensory neurons. CB1 knock-
outs in sensory neurons results in a reversal of
cannabinoid induced anti-hyperalgesia [61],
while another study found that CB1 null-mutant
mice experienced significantly less anti-
hyperalgesia effects, and only in the peripheral
nervous system [29]. In several studies, peripheral
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pain responses are studied via examining capsa-
icin (CAP)-induced nociception. Some of these
responses were found to be independent of
G-protein coupled pathways [62], implying a
more direct mechanism of action such as that
associated with transient receptor potential chan-
nels. Indeed, cannabinoids acting via TRP chan-
nels is a very attractive hypothesis because TRP
channels are highly localized to sensory neurons
and they have been shown to undergo
cannabinoid-induced desensitization. Moreover,
their activation does not rely on G-proteins but
may rely on Ca**/calcineurin.

An area that is receiving more attention with
regard to pain relief is that of cannabinoid anti-
inflammatory effects. Since inflammation can
contribute to acute and chronic pain, treatments
that reduce inflammation may be effective pain
relief agents. CBD has long been known as an
anti-inflammatory compound and has been inves-
tigated for its ability to prevent osteoarthritic pain
through its anti-inflammatory actions. For
instance, local administration of CBD to male
Wistar rats in which osteoarthritis was induced,
resulted in a reduction in transient joint inflam-
mation and blocked osteoarthritic pain [63].
Thus, the actions of cannabinoids as pain relief
agents are still unclear. Anecdotally, patients who
smoke marijuana espouse its analgesic effects on
neuropathic pain, but there are only a few prop-
erly controlled, double blind, randomized clinical
trials in existence and more are certainly needed
if we are to have a clearer picture of medicinal
marijuana and pain.

8.6  Epilepsy

Epilepsy is a disease in which neuronal networks
in the brain become hyperexcitable and are capa-
ble of discharging synchronous activity. Epileptic
seizures originate from various regions of the
brain, usually cortical or sub-cortical structures,
and can be classified as partial or generalized sei-
zures. Epilepsy affects approximately 65 million
people worldwide with an incidence rate of
around 20-70 new cases per 10,000 people on an
annual basis [64—67]. Approximately one third of

individuals suffering from epilepsy are drug-
resistant, meaning that their seizures cannot be
controlled with the application of at least two
anti-epileptic medications [68]. Thus, there is
significant need for therapies capable of control-
ling epileptic seizures. It has long been thought
that marijuana can reduce the severity and inci-
dence of convulsions, epileptic seizures and spas-
ticity. Animal epileptic model studies have shown
that CBD has anticonvulsant abilities when tested
in audiogenic seizure models [69, 70]; pilocar-
pine models [70, 71] and electroshock models
[69]. Tests designed to evaluate the efficacy of
A°-THC and CBD in animal models of epilepsy
clearly indicate that both A°>~THC and CBD have
anticonvulsant effects in rodents [72]. Similarly,
the endocannabinoid anandamide produces anti-
convulsant effects in rodents as well [73]. Finally,
synthetic agonists of CB1 receptors such as
WINS55212, when used in conjunction with stan-
dard epileptic drugs, offer a greater degree of
relief from seizures [74, 75]. Thus, when it comes
to animal models, the evidence is overwhelm-
ingly in support of the anticonvulsant effects of
cannabinoids. But what about well-constructed,
randomized clinical trials in patients? Are can-
nabinoids truly effective anti-seizure agents in
humans?

Data from clinical trials studying the effect of
CBD and CBD-enriched products on seizure fre-
quency, safety and drug interactions is scarce and
much of the information on marijuana and can-
nabinoid anti-seizure properties is anecdotal.
One of the earliest clinical trials, reported in
1970, highlighted a randomized study of
9-patients with refractory temporal lobe epilepsy,
4 of whom received CBD for 5 weeks and 5 of
whom received placebo for 5 weeks. Two of the
CBD treated patients were free of seizures within
3 weeks while none of those who were adminis-
tered the placebo reported relief from seizures
[76]. A double-blind phase 2 study in 1980 exam-
ined 15 patients with refractory epilepsy, 8 of
whom received CBD in addition to their normal
anti-epileptic medication, and 7 of whom
received placebo. Four of the CBD patients expe-
rienced no seizures during the study while
another 3 experienced partial improvement. Only
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one of the placebo group showed improvement,
while the others were unaffected [77]. More
recently, an observational, longitudinal study
examining the effect of CBD-enriched cannabis
as an antiepileptic in children and adolescents
was reported. The CBD-enriched cannabis oil
treatment contained a ratio of CBD:THC of 20:1
and was given to children and adolescents with
refractory epilepsy in addition to their baseline
standard antiepileptic treatment [78]. In total, 69
patients, with a mean age of 9.6 years, received
treatment with CBD-enriched cannabis oil.
Overall, there was a seizure reduction of <50% in
56% of the patients and a reduction rate of >75%
in 35% of patients [78].

Antiepileptic drugs work by either reducing
excitation (via blocking voltage-gated Na* chan-
nels or Ca?* channels, usually T-type), or by
increasing inhibition (often by modulating
GABA related activity) in the CNS. CB1 recep-
tors are known to regulate neuronal excitability
by reducing presynaptic neurotransmitter release.
In fact, CB1 receptors are considered to play
homeostatic roles since increased levels of activ-
ity result in the release of endocannabinoids that
feedback on presynaptic CB1 receptors. Ligand
binding to these presynaptic receptors activate
Gi/o or Gq which leads to a reduction in transmit-
ter release. Activation of the CB1 receptors by
endocannabinoids is involved in retrograde inhi-
bition of transmitter release [79-81], the control
of neuronal excitability [82] and even in the regu-
lation of some forms of synaptic plasticity [80,
81, 83]. Therefore, it is plausible that increased
levels of CBI1 receptor activity might dampen
neuronal excitation. The specific CB1 agonist
WIN55212, and the cannabinoid d9-THC were
both able to abolish spontaneous epileptic sei-
zures in rats. Furthermore, levels of 2-AG and
expression of CB1 protein increased in the hip-
pocampus of pilocarpine-induced seizure ani-
mals [84]. In an elegant study by Monory and
coworkers [85], the experimenters introduced
conditional mutants lacking CB1 receptors in
specific neuronal populations and used a kainic
acid model of seizures to show that the CB1
receptors localized to hippocampal glutamatergic
neurons are necessary for the CB1-dependent

protection against kainic acid-induced acute
excitotoxic seizures [85]. Interestingly, the CB1
receptors associated with GABAergic neurons
did not appear to play a significant neuroprotec-
tive role against KA-induced seizures, only the
CB1 receptors localized to glutamatergic neu-
rons. Additionally, virus-mediated conditional
overexpression of CB1 receptors in pyramidal
and mossy fiber cells of the mouse hippocampus
confers neuroprotection and reduces convulsions
in an acute kainic acid seizure model [86]. The
seizures induced the release of anandamide fol-
lowed by activation of CB1 receptors. Thus, pro-
tection against epileptic-like synchronous activity
and overexcitability in neural networks may be
conferred by activation of CB1 receptors. In
healthy individuals, the endocannabinoid system
working through CB1 confers neuroprotection,
and in those afflicted with refractory epilepsy,
activation of CB1 might constitute an important
avenue for medical intervention.

But exactly how does activation of CB1 lead
to a downregulation of neural activity? This could
happen via a number of mechanisms. For
instance, presynaptic activation of CB1 reduces
presynaptic Ca?* entry through N-type Ca** chan-
nels and lowers glutamate release [87]. Activation
of CBI also leads to an enhancement of A-type
voltage gated K* channels [88] as well as an
enhancement of inward rectifying K* channels
conductance [89]. The overall effect of activation
of either of these K channel types could lead to a
reduction in excitation.

8.7 Neurodegenerative Diseases

While medical marijuana and cannabinoids have
been proposed to act as antiepileptics and analge-
sics, the evidence is mounting for use to alleviate
a number of neurodegenerative diseases such as
multiple sclerosis and Alzheimer’s disease.
Additionally, a role in schizophrenia and other
psychiatric conditions has been proposed.
Multiple sclerosis shares a number of pathologi-
cal features with other neurodegenerative dis-
eases such as a link with neurodegeneration,
neuroinflammation and excitotoxicity. It is an
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autoimmune disease that is characterized by
demyelination and degeneration of motor neu-
rons, often associated with neuropathic pain,
aberrant neuronal activity and debilitating and
painful muscle spasms. Cannabis plant extracts
have been used with some success to relieve the
symptoms of MS [90], while application of a 1:1
ratio of A°>-THC and CBD (sativex) via the oral-
mucosal route has analgesic effects and limits
neuropathic pain while also reducing muscle
spasms [52]. Indeed, CBD has been shown to be
capable of relieving neuropathic pain associated
with MS [91]. In patients with MS, endocannabi-
noid levels in the circulating plasma are increased
[92, 93] whereas in an experimental animal
model for MS, known as experimental autoim-
mune encephalomyelitis (EAE), the endocan-
nabinoid levels in the brain have actually been
downregulated [94]. In fact, animals in which
CBI1 receptors are deficient and are then induced
with EAE tend to develop neurodegeneration
more rapidly than those that express CB1 recep-
tors [95] implying a neuroprotective role for
CBI1.

Well-constructed, randomized, double blind
clinical trials using whole plant cannabis-based
medicinal extracts containing equal amounts of
A°-THC and CBD, on a cohort of 160 patients
with MS resulted in improved scores on symp-
toms such as spasticity, spasms, tremor, pain and
bladder control, however statistical significance
was lacking [96]. A meta-analysis of three stud-
ies evaluated a total of over 660 patients with
spasticity, to determine if nabiximols (A°-
THC:CBD extract) alleviated these symptoms
[97]. The authors concluded that nabiximols
reduced spasticity beyond what would occur by
placebo alone.

Alzheimer’s disease is an age-related neuro-
degenerative disease in which a pathological
hallmark is the onset of neurofibrillary tangles
and amyloid beta plaques in the brain.
Neurodegeneration occurs and the individual
presents with a progressive decline in cognition
and memory. There is a concomitant activation of
microglia in plaque filled regions along with neu-
roinflammation and oxidative stress. Cell death
occurs via multiple mechanisms but in large part

due to excitotoxicity. CB1 receptor expression is
high in basal ganglia and hippocampus, where
p-amyloid plaques tend to occur most often in
AD. Neuronal CB1 expression is reduced in these
two regions [98] while expression of CB1 and
CB2 expressing microglia is increased [99].
These studies suggest that medications that pro-
tect from excitotoxicity and neuroinflammation
have the potential to offer therapeutic benefits to
individuals afflicted with AD because they relieve
secondary pathologies rather than the direct
cause of the disease. Links between the endocan-
nabinoid system and Alzheimer’s disease have
been reported [100, 101], and evidence exists that
THC may actively inhibit Ap aggregation [102].
For instance, A°-THC has been shown to be
directly linked to AD [102]. In this study, Eubanks
and colleagues found that A°-THC competitively
inhibits Acetylcholinesterase activity and reduces
AP aggregation in vitro. Moreover, The CB1
receptor agonists anandamide and noladin ether
are capable of inhibiting A toxicity in a differen-
tiated human teratocarcinoma cell line Ntera 2/
cl-D1 neurons [103].

As described in a previous section this may be
linked to a reduction in glutamate release through
downregulation of N-type Ca channel activity, or
an upregulation of K-channel activity, both of
which are associated with reduced synaptic trans-
mitter release.

8.8  Conclusions

It is clear that medicinal cannabis has the poten-
tial to play a significant role in the treatment of
ailments from neuropathic pain to epilepsy, nau-
sea, cancer and neurodegenerative diseases. Until
now much of the evidence for its use as a medici-
nal agent has been anecdotal and limited in
power. We are at the dawn of a period where
legalization of cannabis for medicinal use and
recreational purposes will ease the restrictions
for research. In this exciting time, we stand to
make significant progress in our understanding of
the pharmacological basis of the actions of can-
nabinoids. But there are still obstacles to over-
come. For instance, the unwanted psychotropic
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side effects of THC limit its capacity as a thera-
peutic agent. Moreover, the cannabinoid receptor
sites need to be fully identified and properly char-
acterized. One can imagine that a wide array of
effects such as an analgesic, anti-epileptic agent,
anti-emetic or anti-inflammatory compound
could occur through the action of highly selective
cannabimimetics. This can only be realized fol-
lowing intensive research identifying the molecu-
lar targets and signaling mechanisms of
cannabinoids. Indeed, there is much to learn.
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